Childhood spinal muscular atrophy (SMA) is a common neuromuscular disorder caused by absent or deficient full-length survival motor neuron (SMN) protein. Clinical studies and animal models suggest that SMA is a developmental defect in neuromuscular interaction; however, the role of SMN in this process remains unclear. In the present study, we have determined the subcellular localization of SMN during retinoic-acid-induced neuronal differentiation of mouse embryonal teratocarcinoma P19 cells as well as in skeletal muscle during the critical period of neuromuscular maturation. We demonstrate, for the first time, SMN accumulation in growth-cone-and filopodia-like structures in both neuronal-and glial-like cells, identifying SMN as a new growth cone marker. Indeed, SMN was present at the leading edge of neurite outgrowths, suggesting that SMN may play a role in this process. In addition, SMN was detected as small dotlike particles within the cytoplasm of skeletal muscle during the first 2 weeks after birth, but their number peaked by P6. Intense SMN staining in neuromuscular junctions was observed throughout the entire postnatal period examined. Taken together, these results suggest that SMN may indeed fulfill neuronal-and muscle-specific functions, providing a more plausible mechanism explaining motor neuron degeneration and associated denervation atrophy of skeletal muscles in SMA. The primary SMA pathology most likely initiates in the peripheral axon -the result of deficient neurite outgrowth and/or neuromuscular maturation.
INTRODUCTION
Spinal muscular atrophy (SMA) is an autosomal recessive disorder characterized by degeneration of alpha motor neurons in the spinal cord and by muscular atrophy of the limbs and trunk. SMA is the second most common neuromuscular disease, affecting approximately 1 in 10 000 live births (1) . Three clinical types are recognized based on age of onset and severity of symptoms: type I is the most severe, type II is of intermediate severity while type III is the mildest form of the disease (2, 3) . The causal survival motor neuron (SMN) gene was isolated in 1995 from a complex region of chromosome 5q13 that contains an inverted duplication of about 500 kb (4) . The SMN1 gene is telomeric of the SMN2 gene and SMN1 is deleted or mutated in more than 90% of all SMA patients (4, 5) . In addition, a number of small intragenic mutations have been documented providing conclusive evidence that SMN1 mutations are a necessary and sufficient cause of 5q-SMA (6, 7) . Consistently, SMN protein is significantly reduced in fibroblast and lymphoblast cell lines from severely affected SMA patients (8, 9) . Although much progress has been made towards characterizing the genomic structure (4, (10) (11) (12) , causal mutations (5) and phenotype/genotype relationships (13) , the function of SMN is not fully understood and therefore the pathogenesis of SMA remains unclear. SMN interacts or associates with several proteins, including SMN-interacting protein 1 (SIP1/Gemin2), spliceosomal U snRNP-protein, the putative helicase Gemin3, Gemin4 and many others (14) (15) (16) (17) . The large, highly stable SMN complex can be found in both cytoplasmic and nuclear compartments (9, 14, 17) . The cytoplasmic complex plays an essential role in spliceosomal snRNP biogenesis and is required for the transport of the snRNP complex into the nucleus (17) . Within the nucleus, SMN was first detected in intensely stained foci (baptized as gems for 'Gemini of coiled bodies') in close association but distinct from coiled bodies (18) . Cajal (coiled) bodies (CBs) are transcription-dependent 0.5-1 mM nuclear organelles observed as tangles of coiled electron-dense threads (19) , and are thought to be involved in snRNP biogenesis, transport or cycling (20) . It has since been demonstrated that, for the most part, SMN co-localizes in CBs (19) (20) (21) (22) . In the nucleus, SMN is required for regenerating an active splicing complex (23, 24) . Consistent with the housekeeping function of SMN, it is ubiquitously expressed (8, 25) , and knocking out the single copy (26) mouse *To whom correspondence should be addressed at: Centre de Recherche de l'Hôpital Sainte-Justine, 3175 Côte Sainte-Catherine, Montréal, Québec, Canada H3T 1C5. Tel: þ 1 514 3454931 ext 2867; Fax: þ 1 514 3454801; Email: simardlo@medclin.umontreal.ca Smn gene causes developmental arrest and embryonic death (27, 28) . While the subcellular distribution of SMN has been extensively studied in cultured cells (8, 9, 22, (29) (30) (31) , as well as in fetal (22, 25, 29) and adult tissues (29, 32, 33) , no other function, except for its housekeeping role in the splicing pathway, has yet been discovered.
If SMN is simply a housekeeping gene, why are neurons the main target of SMN deficiency? Do motor neurons require large amounts of SMN in excess of that required by other cell types, or does SMN fulfil a neuronal-specific function? The main feature distinguishing neurons from other cell types is that they possess dendrites and axons that convey messages from one neuron to another or target muscle cells by chemical and electrical processes. We hypothesized that SMN may have at least two functions: the first is the previously identified housekeeping function; the second may be specific to neurons. More importantly, this neuron-specific function may be related to neuronal development, because SMN has been shown to be developmentally regulated (34, 35) and SMA may well be a developmental defect (36) . To date, investigations pertaining to SMN function have been performed using cultured cell lines (8, 9, 22, (29) (30) (31) , neurons (29) or tissues (22, 25, 29, 32, 33) . The cell lines employed (e.g. fibroblasts, amniocytes or HeLa cells) were not neuronal in origin and could not be induced to differentiate into neuronal cell types. Neuronal cells isolated from spinal cord are already differentiated; therefore, one cannot study SMN localization during early stages of neuronal differentiation. In studies using human, mouse or rat tissues, the resolution of detailed cell-cell interactions is limited. Consequently, we have exploited the in situ model of mouse embryonal teratocarcinoma P19 cells (37) to study the subcellular compartmentalization of SMN during neuronal differentiation. P19 cells can be induced to differentiate into neurons, glial cells and fibroblasts when exposed to the vitamin A analog retinoic acid (RA) in the 10 À 8 -10 À 6 M range (38, 39) , and RA-induced neuronal differentiation closely resembles that observed for embryonic neuroectoderm in vivo (40, 41) . To further understand the role of SMN during maturation of motor neurons and muscle, we analyzed neuromuscular junctions (NMJ) of mouse skeletal muscle isolated during the postnatal period. Our data demonstrate, for the first time, that SMN accumulates in growth-cone-like structures during neuronal differentiation, making SMN a new marker of growth cones. Furthermore, we demonstrate that in muscle, cytoplasmic SMN content peaked at postnatal day 6 just prior to the maturation of the NMJ. These observations suggest that SMN may indeed carry out a neuronal-and muscle-specific function during the maturation of neurons, muscle and NMJs.
RESULTS
Abundance of SMN-positive CBs is related to cell cycle and cell lineage
As the first step towards investigating SMN expression during early neuronal cell differentiation, we analyzed undifferentiated P19 cells for the presence of SMN protein by indirect immunofluorescence staining using a monoclonal antibody against amino acids 14-174 of human SMN. We detected diffuse SMN staining within the cytoplasm (Fig. 1A, C) as well as one to three foci of intense SMN staining on average within the nucleus (Fig. 1A, Table 1 ). To determine whether SMN was present in gems or CBs, double labeling of SMN and p80 coilin was undertaken, since p80 coilin is a marker of CBs. The distribution of CBs was coincident with SMN-positive nuclear foci, suggesting that both proteins co-localized within CBs (Fig. 1B, Table 1 ). Interestingly, 0.1-1% of cells harbored 15 or more SMN-positive CBs within the nucleus as well as intense, diffuse SMN staining in the cytoplasm (Fig. 1C, D) . Because CBs associate and dissociate during the cell cycle (18, 20) , we first sought to determine if the presence of abundant SMNpositive CBs correlated with a specific stage of the cell cycle. To this end, P19 cells were deprived of serum for 18 hours to arrest cells in the G 0 state. Fluorescence-activated cell sorting (FACS) indicated that 44% of cells were in G 0 -G 1 at this time. In general, we observed an average of 0-1 SMN/coilin foci at time 0 and an average of 1-3 SMN/coilin foci 4 and 6 hours after cells were released from serum starvation ( Table 1) . The rare cells containing numerous SMN-positive CBs appeared at the 6-hours time point, and DAPI staining revealed condensed chromatin suggestive of mitotic cells. As the abundance of cells with numerous SMN foci did not vary with cell state, we used GFAP and NF antibodies as markers of glial-and neuronal-like cells, respectively, to identify the specific lineage of this subpopulation of cells. After RA-induced differentiation, the numerous SMN foci were also detected in the cytoplasm (Fig. 1E) , and these cells were found to be positive for GFAP (Fig. 1F , G), indicating that they were glial-like in origin. SMN foci in the cytoplasm lacked p80 coilin (data not shown).
Dynamic distribution of SMN protein during P19 neuronal differentiation
To study SMN expression during early neuronal differentiation, P19 cells were treated with RA, which triggers these cells to differentiate into several different cell types. After 10 days of treatment, neuronal-and glial-like cells appeared. SMN protein was present throughout the cytoplasm of all cells examined, and, interestingly, SMN protein accumulated in growthcone-like structures and varicosities of neuronal-like cells during the formation of neurite processes ( Fig. 2A, B) . We confirmed that these cells were indeed neuronal-like in origin, since they were positive for the presence of NF-L (Fig. 2C, D) . Not only were SMN and NF-L protein abundant in growthcone-like structures, but also, in some cells, we detected a number of intensely staining SMN aggregates in the soma (Fig. 2E, F) . Given the abundance of actin in neurites and growth cones, the distribution of SMN and actin was assessed by superimposing images of SMN and Texas Red-X phalloidin staining -the later binding F-actin. In contrast to the F-actin image, which shows that phalloidin staining becomes gradually faint towards to the tip of the growth-cone-like structure (Fig. 2G, H) , SMN staining was more intense at the leading edge of the growth-cone-like structure (Fig. 2I, J) . At day 20 post-RA treatment, neurites formed a dense network, and we no longer detected intense SMN accumulation -consistent with the loss of growth cones during neuronal maturation. Interestingly, we also detected intense SMN staining in filopodia structures of some glial-like cells (data not shown). Finally, a polyclonal antibody raised against growth-associated protein 43 (GAP-43), a major component of motile growth cones (42) , was employed to confirm the presence of SMN in growthcone-like structures. A superimposed image of a differentiated P19 cell labeled with SMN ( Fig. 3A) or GAP-43 ( Fig. 3B ) antibodies indicated that SMN and GAP-43 localized within growth cones (Fig. 3C ).
Downregulation of SMN protein in muscle occurs upon maturation of the neuromuscular junction
To investigate whether SMN protein could also be involved in the maturation of the NMJ, immunofluorescence studies were carried out to detect SMN in skeletal muscle and, more specifically, NMJs during the newborn period. DAPI was used to stain nuclei, while rhodamine-conjugated a-bungarotoxin (a-BT) was used to stain NMJs (Fig. 4) . Immunocytochemistry revealed intense, diffuse SMN staining and small dot-like particles throughout the cytoplasm of muscle cells and around the nuclear envelope at days 1, 3, 6 and 15 after birth. On day 1, numerous large, round nuclei were centrally located in immature muscle cells (Fig. 4A) . We also observed small dot-like SMN particles against a background of diffuse SMN staining within the cytoplasm. The number of SMN particles increased by day 3 (Fig. 4B) and peaked on day 6 (Fig. 4C) , and, by day 15, we observed a dramatic decrease in the intensity of the diffuse cytoplasmic staining as well as in the number SMN particles in mature muscle cells, which contained flattened, peripherally located nuclei (Fig. 4D ). Double labeling with SMN antibody and a-BT indicated that SMN was always highly expressed at the NMJ throughout the stages tested (Fig. 4) .
DISCUSSION
Clinical studies (reviewed in 36), coupled with data from recently developed animal models (43) (44) (45) , point towards the possibility that SMA is a developmental defect in neuromuscular interaction (46) . However, evidence implicating SMN in this process has been hampered by the fact that the majority of studies to date have employed non-neuronal cell lines (14, 15, 17) or by the limited ability to resolve cell-cell interactions from tissue sections (22, 25, 29, 31, 32, (47) (48) (49) (50) . Consequently, we have investigated the subcellular localization of SMN during neuronal differentiation and neuromuscular maturation to determine if SMN possesses a neuronal-and/or muscle-specific function. To achieve this goal, we have analyzed undifferentiated and RA-induced P19 cells as well as skeletal muscle tissue sections during the critical period of NMJ maturation. As in other cell types, SMN was scattered throughout the cytoplasm, and, in the nucleus, SMN was found to be coincident with CBs in P19 cells. The number of CBs per cell was not static, but varied throughout the cell cycle. In undifferentiated P19 cells, we detected an average of 0-1 SMN/coilin foci immediately after 18 hours of serum starvation compared with 2-3 SMN/coilin foci detected 4 and 6 hours after cells were released into fully supplemented media. This is in agreement with the observed cell-cycle-dependent variation in the distribution of p80 coilin, a marker of CBs, in mouse 3T3 fibroblasts and HeLa S3 cells -the number of CBs being most abundant in late G 1 (51) . Our data are consistent with previous studies indicating that SMN is generally found in CBs (19) (20) (21) (22) , and this subcellular localization is most likely related to the housekeeping function of SMN in snRNP biogenesis and regeneration of the splicing complex (17, 23) . Given that glial cells represent at least 50% of the total cell population, one unexpected observation was the presence of more than 15 SMN/coilin foci in the cytoplasm and/or nucleus in only 0.1-1% of glial-like cells. Further studies are required to determine whether these cells are simply a cell culture artifact or whether they represent a distinct subpopulation of glial cells expressing abundant amounts of SMN.
Our most striking finding was the redistribution and accumulation of cytoplasmic SMN at the periphery of the cell body and in growth-cone-and filopodia-like structures in both neuronal-and glial-like cells. Subcellular localization in growth cones was confirmed by demonstrating the presence of GAP-43, a protein involved in neurite outgrowth (42) , along neurite processes and localization of both SMN and GAP-43 within growth cones. Because immunoelectron microscopy suggests that SMN particles may be associated with microtubules in dendrites (48), we speculate that SMN may be transported along microtubules, relocalizing it within growth cones. Growth cones are dynamic structures that respond to intraand extracellular cues to guide neurites towards an appropriate target during neuronal development (52) . Growth cones with the simplest morphology are those whose neurites are extending rapidly (53) and are most similar to the simple shapes that we observed in our RA-treated P19 cells. Superimposed images of F-actin and SMN staining showed SMN at the leading edge of neurite outgrowths, suggesting that SMN may play a role in this process. It is well established that SMN interacts with a number of proteins, many of which have not yet been identified (17) . Interestingly, profilin II, a motoneuronspecific microfilament-associated, actin-binding protein involved in actin polymerization (54, 55) , has been shown to interact directly with SMN via the evolutionarily conserved Pro 5 -X 17 -Pro 10 -X 17 -Pro 5 motif (56) encoded by exons 4, 5 and 6 of the SMN gene (4, 26) . This interaction may mediate actin and SMN transport in neurite outgrowths. These data suggest that SMN deficiency could result in a defect in maturation of motor neurons, which in turn would impact on muscle maturation. Consistently, it has been established that muscle atrophy precedes loss of motor neurons using two distinct SMA animal models (43, 44) . In the first model, SMN F7/D7 , Cre þ mice homozygous for deletions of SMN exon 7 in neurons only, indicated that NMJs were morphologically abnormal by 2 weeks of age, but that the number of spinal cord motor neurons was normal -indicating that the observed muscle phenotype was neurogenic in origin (43) . By 4 weeks of age, motor neurons were markedly deformed. In the second model, the human SMN2 gene was introduced into the Smn À /À background (Smn À /À ,SMN2), thereby producing mice with a genotype that most closely resembled that of type I SMA patients (44) . Similarly, the number of motor neurons was initially normal, and motor neuron loss began after P3 in lowcopy Smn À /À , SMN2 mice; however, muscle weakness was evident at birth. Based on these results, we speculate that SMA pathology starts within distal processes, progresses towards the soma of developing neurons, and motor neuron cell death most likely results from the lack of SMN in growth cones and improper maturation of the NMJ. Consistent with the ability of SMN to bind both proteins (17) and RNA (57,58), we also speculate that SMN may be involved in the transport of these molecules to the periphery of neurites, thereby ensuring an adequate pool of proteins in high demand during growth-cone formation and early neuronal development. There is mounting evidence indicating that mRNA targeting to synapses and local protein synthesis is involved in neuronal polarity, synaptic plasticity and possibly long-term memory (59) (60) (61) (62) . This hypothesis is consistent with the recent identification of two additional SMN partners (63, 64) , namely the RNA-binding proteins hnRNP-R and hnRNP-Q, coupled with the demonstra- tion that SMN and hnRNP-R co-localize in distal axons of embryonic motor neurons (64) . The amount and subcellular localization of SMN varied during early mouse skeletal muscle development, which is consistent with previous reports indicating downregulation of SMN expression during myogenesis in vitro (25) and in comparisons of fetal and adult skeletal muscle (32) . We detected diffuse staining and numerous small dot-like SMN particles in skeletal muscle cytoplasm, as well as intense SMN staining in NMJs during the first 2-weeks of postnatal life; however, once matured, the intensity of cytoplasmic staining and number of dot-like SMN particles decreased drastically while SMN remained concentrated in the NMJ. These results suggest that the presence of SMN in muscle may also be important during this critical period. In rodents, the complex process interconnecting motor neurons and skeletal muscle requires 2-3 weeks and initiates around embryonic day 13, as motor axons enter developing muscle masses, and terminates around P14, when the mature muscle fiber is innervated by a single motor axon (65) (66) (67) . Blocking this process causes retraction of the axon and leads to motor neuron cell death (46) . Consequently, functional interaction between the motor neuron and its target muscle is critical in determining whether a given motor neuron will mature sufficiently to contribute to the CNS. This, and our data localizing SMN in growth-cone-like structures during neuronal cell differentiation, suggest that SMN may play a role during NMJ maturation. This hypothesis is supported by previous demonstrations of a sharp decrease in spinal cord and muscle SMN in rodents during the first 2 weeks of life (50, 68) and further supported by SMA animal models indicating that muscle atrophy precedes motor neuron loss (43, 44) , the presence of muscle atrophy in mice lacking SMN specifically in muscle (45) and the more severe phenotype in the low-copy SMN À /À , SMN2 mice deficient for SMN in both neurons and muscle (28, 44) .
In summary, our present study provides strong evidence for the accumulation of SMN in growth cones and NMJs during neuronal differentiation and neuromuscular maturation, suggesting that cytoplasmic SMN may indeed possess a neuronaland muscle-specific function. Because RA-induced P19 cells mimic normal neuronal cell differentiation (40, 41) , we believe that these results accurately reflect the relocalization of SMN during this process, and this premise is further supported by the predominance of SMN in the cytoplasm of motor neurons (25, 32, 47) , the presence of SMN in axons and dendrites (29, 31, 50, 64) , as well as independent localization of SMN in the NMJ (49) . This function is associated with full-length SMN, given the mouse origin of P19 cells. The existence of a neuronal-and muscle-specific role for SMN provides a more plausible mechanism explaining motor neuron degeneration and associated denervation atrophy of skeletal muscles in SMA. Indeed, disease severity may reflect the state of muscle maturation and extent of motor neuron death during development, as previously proposed (69) . In conclusion, SMN deficiencies in neurons, glial cells and muscle may each contribute to the pathogenesis of SMA, and future studies should focus on the cytoplasmic function of SMN in these cell lineages if we are to make further progress in our understanding of SMA etiology. 
MATERIALS AND METHODS

Synchronization of P19 cells
Mouse P19 embryonal carcinoma cells (ATCC CRL-1825) were maintained in a-minimum essential medium (a-MEM) supplemented with 10% (v/v) fetal bovine serum (FBS) at 37 C in a 5% CO 2 incubator. Synchronization of P19 cells was carried out by serum deprivation. Cells were grown to 50% confluency and placed in a-MEM containing 0.5% FBS, and after 18 h starvation, the serum-deficient medium was replaced by a-MEM containing 10% FBS. Cells were fixed every hour for more than 10 h after replenishing cells with 10% FBS. 100 cells were examined per time point to determine the proportion of mitotic cells in the total cell population as well as the number of SMN foci and CBs per cell. Mitosis was monitored by 4 0 ,6-diamidino-2-phenylindole dihydrochloride (DAPI; SigmaAldrich Co., Ontario) staining. SMN foci and CBs were revealed by double immunofluorescence labeling using a monoclonal antibody against SMN (BD PharMingen, Ontario) and the rabbit polyclonal antibody R288 against p80 coilin (a gift from Dr Edward K. L. Chan; see 51). The state of cells at the end of the serum starvation period as well as 4 and 6 h after replenishing cells with 10% FBS was established by passing 3.6 Â 10 6 cells in Krishan solution through a FACS.
Differentiation of P19 cells
Differentiation of P19 cells with retinoic acid was based on the method previously described (70) . Briefly, P19 cells (5 Â 10 5 per petri dish) were induced to differentiate by the addition of 2 mM all-trans-retinoic acid (RA; Sigma-Aldrich Co., Ontario). Cells were aggregated in bacterial petri dishes and, after 48 h incubation, aggregates were dispersed with 0.125% (w/v) trypsin and 1 mM EDTA before replating on bacterial petri dishes containing a-MEM with fresh RA for a further 24 h. Small cell aggregates (50 cells or so) were picked using sterile pipette tips, seeded on poly-L-lysine-coated microscope coverslips in a-MEM with 10% FBS and grown for 3 days. Cells were then treated with 13 mg/ml of 5-fluoro-2 0 -deoxyuridine and 33 mg/ml uridine to suppress overgrowth of glia-and fibroblast-like cells and after 48 h returned to glutamine-free a-MEM containing 10% FBS. Medium was changed every 3-4 days, and cells were harvested on days 5, 10 and 20 after RA treatment. For undifferentiated controls, untreated P19 cells were seeded on poly-L-lysine-coated microscope cover slips and cultured for 24 h prior to immunocytochemical analysis.
Indirect immunofluorescence of P19 cells
P19 cells were rinsed twice with phosphate-buffered saline (PBS, pH 7.2) and fixed for 10 min at room temperature using freshly prepared, ice-cold 4% (w/v) paraformaldehyde in PBS, followed by three 2 min washes in PBS. Non-specific binding sites were blocked by incubation with 3% (v/v) normal goat serum for 1 h at room temperature. Samples were then incubated overnight at 4 C with primary antibodies, followed by four 5 min washes in PBS. The primary antibodies used in these studies were a monoclonal antibody against human SMN (generated against a polypeptide corresponding to amino acids 14-174 of SMN) and rabbit polyclonal antibodies against p80 coilin (R288), 68 kDa neurofilament (NF-L; Chemicon International, Inc., CA), glial fibrillary acidic protein (GFAP; DAKO, CA) and growth associated protein 43 (GAP-43; Chemicon International, Inc., CA). Secondary antibodies were applied for 2 h at room temperature individually for singlelabeling experiments or as a mixture for double-labeling experiments, followed by four 5 min washes in PBS. Secondary antibodies included goat anti-mouse IgG (H þ L) coupled to Cy2 as well as goat anti-rabbit IgG (H þ L) coupled to Cy3 (Jackson ImmunoResearch Laboratories, PA). To label F-actin, cells were incubated for 1 h with Texas Red-X phalloidin (Molecular Probes, OR), together with secondary antibody at room temperature. The primary and secondary antibodies, as well as the F-actin marker, were diluted in PBS in the presence of 3% (w/v) bovine serum albumin (BSA). Cell nuclei were counterstained with 50 nM DAPI in PBS for 5 min, followed by four 5 min washes in PBS. Controls were performed by using normal rabbit serum or by omitting the first antibody. Finally, samples were mounted with a glycerol solution (1/9 dilution in PBS) and examined by fluorescence microscopy (Nikon ECLIPSE E600, Japan) using Zeiss software (AxioVision 2.05, Carl Zeiss GmbH, Germany). Excitation wavelengths were set at 540-580 nm for Cy3, 460-500 nm for Cy2 and 330-380 nm for DAPI staining. No extra modifications were made on any of the fluorescent images; however, images were superimposed using Zeiss software in the case of doublelabeling experiments.
Indirect Immunofluorescence of muscle
Postnatal mice (days 1, 3, 6 and 15) were killed by cervical dislocation. Rectus femoris and gastrocnemius muscles were dissected from the hind leg. Striated muscle was rinsed several times in PBS before overnight fixation with 4% (w/v) paraformaldhyde. Fixed samples were rinsed in PBS and dehydrated by 5 min incubations through a series of 70%, 80%, 90%, 95%, and 100% ethanol and absolute toluene, followed by embedding in paraplast (Sigma-Aldrich Co., Ontario). Samples were sectioned at 6 mm; paraplast was removed by immersing slides for 15 min in toluene and sections were rehydrated in decreasing serial concentrations of ethanol. Samples were then incubated with 1% SDS in Tris-buffered saline for 5 min, and double labeling of the NMJ was done by incubation with the primary anti-SMN antibody followed by treatment with 0.5 mg/ml tetramethylrhodamine-conjugated a-bungarotoxin (Molecular Probes) and the secondary goat anti-mouse IgG (H þ L) coupled to Cy2. The excitation wavelength for tetramethylrhodamine was 540-580 nm. Nuclei were counterstained with DAPI.
